Background: Cases of primary malignant lymphomas of the bone are rare and account for about <1% of all lymphomas and 5% of extranodal Non-Hodgkin's lymphomas. Furthermore, most reports have described the occurrence of this disease in the middle-aged population, pediatric malignant lymphomas originating in the bone, particularly in the spine is rare. Methods: A 10-year-old boy presented with low back pain caused by T12 vertebral compression fracture due to sustaining a fall. A month later, he still presented with prolonged low back pain that intensified after exercise. A neoplastic lesion in T12 vertebral body was identified after spine computed tomography (CT) and magnetic resonance imaging. Results: We performed CT-guided biopsy, and he was diagnosed with primary malignant lymphoma of the vertebral body. He was treated with multiagent chemotherapy without irradiation, and complete remission was maintained at the 5-year follow-up. Moreover, the height of the deformed vertebral body improved as he grew. Conclusions: Herein, we report a rare case of pediatric primary malignant lymphoma of the spine with successful clinical and radiological outcome.
Introduction
Lymphomas are a heterogeneous group of malignancies affecting the B or the T cells; they usually originate in the lymph nodes but may originate in any organ of the body [1, 2] . However, cases of primary malignant lymphomas originating in the bone are rare, and account for <1% of all lymphomas [3] and 5% of extranodal NonHodgkin's lymphomas (NHLs) [4] . Most reports have described the occurrence of this disease in the middleaged population [5] [6] [7] . However, cases of pediatric malignant lymphomas originating in the bone, particularly in the spine, are rare, with an incidence rate of <5% [8] [9] [10] . Herein, we report a rare case of pediatric primary malignant lymphoma of the spine in a patient showing a good clinical course and radiographic improvement.
Case Presentation
A 10-year-old boy presented with low back pain after sustaining a fall. Radiography performed at the first visit revealed a T12 vertebral compression fracture. He had no neurological abnormality and received only symptomatic therapy. A month later, he still presented with prolonged low back pain that intensified after exercise. Reexamination of the radiographs of the spine revealed a wedge deformity of the T12 vertebral body (Figure 1) . In addition, a neoplastic lesion at T12 was identified after computed tomography (CT) and magnetic resonance imaging (MRI). CT revealed a soft mass shadow around the T12 vertebral body, also known as a "wrap-around" sign, without destruction of the bone cortex and periosteal reaction (Figure 2) . No other lesions were detected on whole-body CT. Sagittal T1-weighted MRI revealed an isointense lesion corresponding with a bulge located posterior to the vertebral body (Figure 3(a) ), and T2-weighted images revealed an isointense to hyperintense lesion. Axial MRI revealed a mass around the area surrounding the vertebral body and the spinal canal ( Figure  3(b) ). Contrast enhanced T1-weighted MRI revealed enhancement of the mass [11] . Technetium-99 m bone scintigraphy and Gallium-67 scintigraphy revealed only weak uptake in the area to the right of the T12 vertebra and showed no accumulation in other areas. Complete blood cell count revealed a reduced white blood cell count of 1500/mm 3 (neutrophil count, 225/mm 3 ; lymphocyte count, 1185/mm 3 ) , and no other abnormalities were detected in the biochemical blood analysis. Needle biopsy was performed under CT guidance through a pos- bral body as stage IV [12] . According to Phase II clinical trials of mature B-cell neoplasm in children: A Japanese Cooperative Studies, we performed short duration, intensive chemotherapy. In this regimen, all registered patients are stratified into 4 risk groups (G1, stage I/II and resected tumors; G2, stage I/II and unresected tumors; G3, stage III/stage IV central nervous system (CNS) negative; G4, stage IV CNS positive and Burkitt leukemia). Patients in G4 receive 2 courses of A1, A2, and B. Course A consists of dexamethasone, methotrexate, cyc-lophosphamide, vincristine, and pirarubicin; course B consists of cytarabine, methotrexate, vincristine, dexamethasone, and etoposide. Cranial irradiation is omitted in this protocol. Because the Lymphome Malins de Burkitt (LMB)89 study reported that despite not receiving cranial irradiation but receiving an additional course of high-dose methotrexate (8 g/m 2 ) and intrathecal chemotherapy, children with CNS involvement had a similar outcome to those with CNS involvement treated with cranial irradiation, with 5-year event-free survival (EFS) of 79% [13] . Thus, we performed multiagent chemotherapy according to the G4 protocol. Unfortunately, 5 months after the initiation of chemotherapy, he sustained a fall again. Radiographs showed L1 and L2 compression fractures associated with steroid-induced osteoporosis with a Cobb angle of 2˚ right sided coronal curvature and kyphotic angle of 33˚ measured from T10 -L2 ( Figure  5(a) ). The deformity index (the ratio of vertebral body height to its longitudinal diameter) of T12, L1 and L2 were 1.00, 1.54 and 1.31, and the kyphosis rate (the percentage of vertebral body height at the anterior region to its height at the posterior region) of T12, L1 and L2 were 25.2%, 70.7% and 59.1%, respectively [14] . MRI scans showed fresh fracture of L1 and L2 without neoplastic lesion. His spine was immobilized using a hard corset. Seven months after the initiation of chemotherapy, the patient entered complete remission. MRI revealed no signs of tumor (Figure 4) . Five years after disease onset, clinical complete remission has been maintained. In addition, spinal deformity improved as he grew. Kyphotic angle improved to 11˚, but Cobb angle slightly worsened to 4˚. The deformity index of T12, L1 and L2 improved to 1.97, 1.76 and 2.02, and the kyphosis rate of T12, L1 and L2 improved to 92.1%, 78.1% and 86.7%, respectively ( Figure 5(b) ).
Discussion
In 1901, Wieland first reported a case of primary malignant lymphoma of the bone [15] . Primary malignant lymphoma of the spine is also rare, accounting for 0.1% to 3.3% of all malignant lymphomas [10] . However, most reports have described the occurrence of this disease in the middle-aged population [5] [6] [7] , and only few large case series of pediatric primary malignant lymphomas of the bone have been reported. Glotzbecker et al. have reported that a review of their institution's Pediatric Tumor Registry identified 15 cases of primary malignant lymphoma of bone from among 306 cases of NHL diagnosed between 1970 and 2003. They also reported that in 122 patients, only 24 of the 239 primary lesions with malignant lymphoma of the bone were located in the spine, as reported in similar case series [8] . Malignant lymphoma of the spine commonly has an initial presentation oflumbar backache with paraplegia or sphincter dysfunction. In MRI is a useful diagnostic imaging tool by which hematopoietic malignant tumors, including malignant lymphomas, can be visualized as areas showing uniform diffuse infiltration of the bone marrow [11, [16] [17] [18] . Axial MRI sometimes shows the so-called "wrap-around" sign characteristic of small round cell tumors, including malignant lymphomas, reflecting infiltration in the area surrounding the tumor, with maintained continuity of the bone cortex [19] . This sign was observed in the MRI from our patient as well.
However, biopsy is usually needed because definitive diagnosis is difficult by using imaging alone. CT-guided biopsy, which we adopted in this case, is less invasive and safer; this technique also provides a higher diagnostic yield. Puri et al. have reported that the overall diagnostic yield and accuracy for bony lesions on CT-guided core-needle biopsies were 81.03% and 95.74%, respectively, and those for soft-tissue lesions were 70% and 92.85%, respectively [20] .
Because hematogenous dissemination occurs early in the course of NHL in children, multiagent chemotherapy is considered as the first-line of therapy for pediatric malignant lymphoma [2] . We performed multiagent chemotherapy, including intrathecal injection without irradiation, according to a Japanese clinical trial based on previous trials [13, 21, 22] . According to the LMB89 study, intrathecal chemotherapy had a similar outcome to cranial irradiation in patients with CNS involvement [13] . Moreover, in 5-year survivors of pediatric NHL, chest radiation therapy was a risk factor for deaths from other causes (rate ratio, 1.9) and deaths from solid second malignant neoplasms (rate ratio, 7.5) [23] . In a study in 31 patients with NHL arising in bone, 5-year EFS in Murphy stages I and II was 94.1% and EFS in Murphy stages III was 70.7% [24] . Fortunately, our patient presenting with large B-cell lymphoma showed 5 years complete remission without neurological involvement, although tumor mass was found to advance into the spinal canal. In addition, according to the case of eosinophilic granuloma of the spine, treatment with immobilization in brace was sufficient to allow for vertebral remodeling [25] . Similarly, we thought significant reduction in the size of the tumor and immobilization in spinal orthosis before his growth spurt might have been effective for restoration of vertebral height.
Conclusion
Herein, we present a rare case of pediatric primary malignant lymphoma of the spine. The patient responded well to multiagent chemotherapy with 5 years of complete remission, and the deformed vertebral bodies improved without any neurological deficits.
